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editorial
A key strength of seed banking is that the technology is essent i a l l y
simple. Seeds from plants that are threatened in the wild are collected
and kept alive in a seed bank by means of drying followed by cooling.
Access to dwindling and important wild plant diversity is assured
through seed banks. However, in common with most other organisms,
seeds are complex entities. Consequently, their response to the dry,
cold conditions in a seed bank varies between species. Some species
(‘recalcitrant’ and ‘intermediate’ types) are killed by drying. Fortunately,
in Europe we have relatively few such species; nearly all species have
‘o rt h o d ox’ d e s i cc at i o n - to l e ra nt seeds. In the case of most of these,
s to rage lives of many decades, and probably ve ry much longer, are
predicted under seed bank conditions. As we learn more about the
storage behaviour of seeds, however, it is apparent that acceptable
longevity for seeds of a few ‘orthodox’ species is only achieved using
very much colder conditions than the deep-freeze temperatures used
by most banks. Such cryo- p re s e rvation is achieved using liquid
nitrogen. One European bank that is using this technology is the
ENSCONET partner at Warsaw Botanic Garden. Their approach is the
focus of the first article.

The success of seed banking relates directly to the quality of staff
involved. The protocols that underpin seed banking are simple and yet
technicians need to be able to interpret them when faced with the dra-
matic range of plant diversity encountered. Scientific researchers need
to test continually the effectiveness and efficiency of these protocols
and ensure that their findings are translated into new techniques and
equipment. Quite apart from seed science, work is needed on under-
standing related subjects such as ecology, genetics and horticulture.
Managers of seed banks not only need to integrate all of these activi-
ties, but also to continually update their knowledge of the background
in which the bank operates. This background includes changing collec-
tion use and bio-politics. Consequently, seed banks are much more
than bottles of seeds. Article five gives the flavour of one week in the
life of the UK’s ENSCONET partner.

Europe is fortunate in having a great deal of seed bank expertise that
should make a real impact in addressing the losses of the continent’s
native plant diversity and also has a leading role to play across the
globe. However, this very expertise needs to be conserved. All too
often, these long-term facilities limp from year to year on short-term
and modest funding.  Against a deteriorating financial situation in the
private and public sectors, the financial security of Europe’s seed banks
looks uncertain. Without support, another banking crisis with even
longer-term effects may be in the making.
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Ge rm i n ation is an ext remely crucial eve nt in the life-cycle of all seed plant s
as it re p re s e nts the shift from the most to l e ra nt stage in plant deve l o p-
m e nt (dry seed) to the most vulnerable one (early seedling). From ant i q u i-
ty, seed germ i n ation has at t ra cted scientific inte rest especially for cro p
p l a nt s. These we re (and still are) subjected to innumerable ex p e ri m e nt s,
with scientific re p o rts from the second half of the 19th ce nt u ry. The initial
goal of this wo rk was to achieve as high a perce ntage germ i n ation as pos-
sible (in the field and/or laborato ry) in the shortest time.

It was quickly observed that obstacles to germ i n ation and their underl y i n g
mechanisms we re inhibiting germ i n ation. Subsequent l y, inve s t i g at i o n s
focused on ove rcoming these problems became a captivating scient i f i c
s u b j e ct. Achieving successful germ i n ation is as import a nt now as it eve r
wa s. This pursuit is an import a nt element in ex situ co n s e rvation. Pro to co l s
for specific plant taxa gi ve optimal conditions for germ i n ation while eco-
p hys i o l o gical studies re veal specific adaptations towa rds va rious env i ro n-
m e ntal facto r s.

Ge rm i n ation sensu stricto is a we l l -defined phys i o l o gical pro ce s s. It start s
with water absorption and ends with the protrusion of the radicle from the seed.
H owe ve r, it is sometimes more logical to view germ i n ation as cove ring the

e nt i re period that tra n s fo rms seeds into seedlings (the ‘g e rm i n ation strate-
g y’), at the ri g ht place and in the ri g ht time in the field. The germ i n at i o n
s t rategy has been shaped by nat u ral selection and includes numero u s
a d a p t ations (or adaptive traits) at both struct u ral and phys i o l o gical leve l s.
This can be studied under co nt rolled conditions by using a phy to t ro n .

A phy to t ron is a wa l k-in chamber or a specially co n s t r u cted room where
p l a nt growth is inve s t i g ated under diurnally pro grammable co n d i t i o n s. It
enables the re s e a rcher to precisely administer te m p e rat u re, light, air

h u m i d i ty, plant substrate, moisture, water pote nt i a l, CO2 and nutri e nt
co n ce nt rations in order to facilitate their ex p e ri m e ntal wo rk and re d u ce
e nv i ro n m e ntal va ri a b i l i ty. Since the study of seed germ i n ation virt u a l l y
i nvo l ves only the fo rmer two para m e ters (te m p e rat u re and light), a new
g e n e ration of plant growth chambers (fully pro grammable for te m p e ra-
t u re, light and air re l at i ve humidity) are ideally suited to seed germ i n at i o n
s t u d i e s. Ad d i t i o n a l l y, with the adve nt of inex p e n s i ve, yet sophisticate d,
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Fig. 1. Climatic data for Athens (Ellinikon Airport). Monthly
precipitation values (dotted line) are means for the period 1951-90.
Maximum and minimum air temperature values (for each 10-day
period) are means between 1955-87. The daily duration of
skotoperiod (shaded area) was calculated from official timetables for
sunrise and sunset (minus one hour for dawn and dusk light)
(Thanos et al., 1991)

Fig. 2. Diurnal programme of temperature fluctuations and
light regimes for a seed germination phytotron. The solid,
s t e pwise curve re p resents actual temperature va l u e s
re c o rded at seed level within Petri dishes while the dotted
line re p resents site re c o rdings in the habitat of Ne p e t a
s p h a c i o t i c a, at 2300 m asl (temperature on soil surf a c e ,
mean values for September 1-7). The dark area re p re s e n t s
the daily skotoperiod while the differently coloured bars
c o r respond to three different levels of light quantity (plus a
30 minute long, far-red enriched light, of lower quantity
than the former three levels, applied in the beginning and
end of the day)
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m e te o ro l o gical sensors and data-loggers new perspect i ves and challeng e s
can be pursued in germ i n ation re s e a rch. For instance, te m p e rat u re at
the soil’s surf a ce or at any depth where germ i n ation takes place
(including strat i f i c ation te m p e rat u res) can now be re co rded re l at i ve l y
easily and acc u rate l y. Similarl y, we are able to monitor soil moisture
co nte nt that ultimately permits germ i n ation. It is also possible to
re co rd the re l at i ve humidity of the air providing additional d ata to the
a m o u nt of rainfall at a gi ven location. Fu rt h e r, rainfall pat te rns and
water ava i l a b i l i ty to the seed (and its duration) may diffe r, thus hav i n g
an impact on germ i n ation. This effe ct can be acc u rately monito re d
using the dat a - l o g g e r s. Light also va ri e s. The quality and quant i ty of
s u n l i g ht along with its photo p e riod and the effe cts of sunflecks and
c a n o py cover can now be monito red ex p e ri m e nt a l l y.

In order to carry out eco l o gical inve s t i g ations on seed germ i n ation we
need t o simulate, as closely as possible, the env i ro n m e ntal co n d i t i o n s
p re vailing in nat u re at the time of germ i n ation. In order to do this the
fo l l owing steps are re co m m e n d e d :

1. De te rmine th e ‘g e r m i n ation unit ’ t h at  wi ll  be subjected to
ex p e ri m e nt ation.  (not nece s s a r i ly synonymous to the ‘d i s p e r s a l
u n i t ’ ) .

2. Define the ‘season of germinat i o n’ (SG) in the field by observ i n g
seedling emerg e n ce. Identifying the precise ‘t i m e f ra m e’ will re q u i re
m o n i to ring emerg e n ce for seve ral co n s e c u t i ve years and allow fo r
annual va r i at i o n .

3. Di s cover the micro h a b i t at for seed germinat i o n:  (a) on or slight l y
b e l ow the soil’s surf a ce (e. g. on open gro u n d, under a plant canopy, or
in rock cre v i ces – i.e. under ‘u n f i l te re d’ s u n l i g ht, in far- red enriched co n-
ditions or in ‘n e u t ra l - s h a d e’ d ay l i g ht, re s p e ct i vely), (b) at a part i c u l a r
depth beneath the soil (in darkn e s s ) .

4. Obtain data for the critical climatic para m e te r s d u ring the SG (i.e.
te m p e rat u re and light, Fi g. 1), soil moisture and air re l at i ve humidity
a re presumably suitable f or germ i n ation,  provided the SG has been

s u ccessfully identified - thus we can ign o re ‘water ava i l a b i l i ty’ f rom the
ex p e ri m e ntal pro to co l. Howe ve r, the lat ter point is a pote ntial ave n u e
for future inve s t i g ation, as seeds have been shown to efficiently absorb
water vapour (Wu e s t, 2007).

Te m p e rat u re values can be acq u i red from mete o ro l o gical stations or,
e ven bette r, obtained from te m p e rat u re dataloggers that re co rd pre-
c i s e, short- i nte rval readings at the germ i n ation micro h a b i t at (ideally
re co rded during seve ral co n s e c u t i ve years to obtain mean va l u e s ) .

With re g a rd to l i g ht, three specific para m e ters should be taken into
a cco u nt :

a) p h o to p e riod length, easily calculated from official astro n o m i c a l
tables for the particular geographical co o rd i n ates (see for ex a m p l e :
ht t p : / / a a . u s n o. n avy.mil re m e m b e ring to add an additional 30 minute s
to cover each pre- s u n rise and post-sunset peri o d, dawn and dusk
l i g ht, re s p e ct i ve l y.

( b) l i g ht quant i ty, this va ries during a single day. Howe ve r, the
a m o u nt re co rded under clear or homogeneously ove rcast skies pro-

d u ces a bell-shaped curve for a single day. This data allows light
q u a nt i ty values to be obtained from co nve ntional mete o ro l o gi c a l
d ata and/or with the use of Ph o to s y nthetically Act i ve Ra d i at i o n,
PAR (400-700 nm) and py ra n o m e ter (full light) sensors/dat a - l o g-
g e r s. 

(c) l i g ht quality, should be measured on site with a spect ro ra d i o m e-
te r. In addition to the we l l - kn own diurnal qualitat i ve va ri ation (par-
t i c u l a rly during sunrise and sunset where light is sign i f i c a nt l y

Fig. 3. Final seed germination of Pinus halepensis as a function of
various temperature and light conditions, simulating those
p re vailing naturally (Athens, Ellinikon Airport), throughout the
ye a r. Shaded bars are controls in continuous darkness. White and
g rey circles within each pair of bars re p resent T5 0 values (T h a n o s
and Sk o rdilis, 2003)

Fig. 4. Germination time course for Muscari neglectum u n d e r
simulated ‘Nove m b e r - De c e m b e r’ conditions (time 0 corre s p o n d s
to ‘1st Nove m b e r’). Lines re p resent average values for daily
t e m p e r a t u res (upper and lower solid lines: max. and min., dotted
line: mean). Black circles: continuous darkness; white circ l e s :
white light/dark alternations. Ve rtical bars denote ±SE. (Do u s s i
and Thanos, 2002)



7

e n riched in the red (R) and far- red (FR) fra ctions of the visible spec-
trum), the light re gime below or even near a plant canopy is sign i f i -
c a ntly alte red (with the z value of light being less the denser the
foliage; z is defined as the R/FR photon ratio and attains a va l u e
b e tween 1.0 and 1.2 under sunlight ) .

5. De sign th e simu lation prog ra mme  and ca r r y out the  germi-
n ation ex pe r i m e nt ( s ) .  On the basis of the data obtained, the phy-
to t ron can be pro grammed with  real istic te m p e rat u re and l ight co n-
dit ions (Fi g.  2). For  the fo rm e r,  hourly steps (or shor ter  if  the instru-
m e nt ation permits) can sufficiently imitate  diurnal  va ri at ion.  Fo r
the lat te r,  all  three para m e ters descr ibed previously have to be
m a n i p u l ate d. In re g a rd to l ight quant i ty, we should select a number
of  diffe re nt l ight inte n s i t i e s,  re p re s e nting as closely as possible nat-
u ral  co n d i t i o n s,  their  duration and sequence. Fu rt h e r, we  have to
bear in mind that fluore s ce nt light (usual ly  the only  light source in
p l a nt  growth chambers) is  quite dissimilar  to nat u ral day l i g ht  (z
value around 5.0) and should there fo re be supplemented with
i n c a n d e s ce nt light (at least 50% of  total  wattage has to be prov i d e d
by the lat te r ;  Th a n o s, 1993). The 30 minute each, dawn and dusk
l i g ht , should be made solely  with incandesce nt light (strongly imi-
t ating nat u ral light at  both ends of the day).  For special  light co n d i-
tions such as canopy- f i l te red l ight a co m b i n ation of f il ters (glass,
plastic or gelatine) and proper light sources wil l be needed (see
examples in Thanos and Doussi 1995).

6. Include tre at m e nts an d pre - t re at m e nts to see ds  prior  to or
during ex pe r i m e nt at i o n .  Ma ny plants re q u i re  addit ional cues fo r
g e rm i n ation and these may take place in the field either  befo re or
d u ring germ i n ation.  We should always bear  in mind that the su c-
cessful eco l o gical elucidation of a specific germ i n ation strate g y
m ay need to be inte grated with such tre at m e nts (e. g. afte r- ri p e n-
i n g, ex p o s u re to high te m p e rat u re s,  strat i f i c ation and the e limina-
tion of inhibito r s ) .

Se ve ral examples of applying (not always in the same way) the guide-
lines and co n cepts previously explained are described below.

• Seeds of Pi nus halepe n s i s Mi l l. (Aleppo Pine) we re imbibed under
te m p e rat u re and light conditions simulat i n g, on a mon thly basis,
those occ u rring nat u ra l l y, throughout the ye a r, in a ty p i c a l
Me d i te rranean site. Seeds kept in co ntinuous darkness showed a
s l ower rate of germ i n ation and in seve ral cases germ i n at i o n
d e c re a s e d.  Near-optimal germ i n ation was obtained during the
re l at i vely ‘co o l’ m o nths where water is more or less available in the
f i e l d. (Fi g. 3).

• Seeds of the geophy te M u s cari neglect u m we re imbibed under
conditions simulat i n g,  on a daily  basis,  those met duri n g
N ovember and De ce m b e r . De s p i te a ve ry slow rate, those germ i-
n ated under dark conditions gave optimal and nicely sigmoid ger-
m i n ation; on the other hand, a strong photoinhibition was fo u n d,
implying that these seeds have adapted to germ i n ate only when
b u ried in the soil (Fi g. 4).

•  Seeds of  the cr it ical ly endangere d, Cretan endemic N e pe t a
s p h a c i o t i ca we re subjected to condit ions shown in Fi g. 2,  in the
l i g ht  (the species is  an absolute  l ight re q u i rer). Under the pr e s-
e nt condit ions germ i n ation is minimal  but if  seeds are  tra n s-
fe rred to a wa rmer re gime (as pre d i cted by the climate change
s ce n a rio B2a),  germ i n ation is  sign i f i c a ntly enhance d. Since this
t a xon is  adapted to germ i n ate  when the snow has thawed (in
May-June)  pre co cio us germ i n ation prior  to the almost s ix -

m o nth long snow cover period would ce rtainly minimise any
c h a n ces  of seedl ing sur v i val and,  thu s,  tr igger the species
ex t i n ction.  These ex p e ri m e nts we re carried out in the co ntext of
the Inte rreg Pro j e ct SEMCLIMED. (Fi g. 5).
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Fig. 5. Seed germination rate of Nepeta sphaciotica u n d e r
simulated, present day (left) and for future predictions (right).
In s e rt (lef t) shows a Petri dish and sensor monitoring
t e m p e r a t u re at seed level. In s e rt (right) are the flowering heads
of this species (Thanos et al., 2008 unpublished)




